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The shear (η) and bulk (ζ) visosities are alulated in a quasipartile relaxation
time approximation for a hadron matter desribed within the relativisti mean-eld
based model with saled hadron masses and ouplings. Comparison with results of
other models is presented. We demonstrate that a small value of the shear visosity
to entropy density ratio required for explaining a large ellipti ow observed at RHIC
may be reahed in the hadron phase. Relatively large values of the bulk visosity are
noted in the ase of a baryon enrihed matter.
PACS: 24.10.Nz, 25.75.-q
I. INTRODUCTION
In the past, transport oeients for the nulear matter were studied in [1, 2, 3, 4℄.
Reently, the interest in the transport oeient issue has sharply been inreased in heavy-
ion ollision physis, see review-artile [5℄. Values of the ellipti ow v2 observed at RHIC [6℄
proved to be larger than at SPS. This nding is interpreted as that a quark-gluon plasma
(QGP) reated at RHIC behaves as a nearly perfet uid with a small value of the shear
visosity-to-entropy density ratio, η/s. The latter statement was onrmed by non-ideal
hydrodynami analysis of these data [7℄. Thereby, it was laimed [8, 9, 10℄ that a new
state produed at high temperatures is most likely not a weakly interating QGP, as it was
originally assumed, but a strongly interating QGP. The interest was also supported by a new
theoretial perspetive, namely, N = 4 supersymmetri Yang-Mills gauge theory using the
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2Anti de-Sitter spae/Conformal Field Theory (AdS/CFT) duality onjeture. Calulations
in this strongly oupled theory demonstrate that there is minimum in the η/s ratio [11℄:
η/s ≈ 1/(4π). It was thereby onjetured that this relation is in fat a lower bound for the
spei shear visosity in all systems [5℄ and that the minimum is reahed in the hadron-
quark transition ritial point (at T = Tc).
In this paper, we ontinue investigation of the shear and bulk visosities performed in
Ref. [12℄ within the quasipartile model in the relaxation time approximation. We desribe
the hadron phase (T < Tc) in terms of the quasipartile relativisti mean-eld-based model
with the saling hadron masses and ouplings (SHMC) been suessfully applied to the
desription of heavy ion ollision reations [13, 14℄, see set.2. Then in set.3 we alulate
the shear and bulk visosities and ompare our results with results of previous works. In
set. 4 we formulate our onlusions.
II. DESCRIPTION OF HADRON MATTER IN THE SHMC MODEL
A. Formulation of the model
Within our relativisti mean-eld SHMC model [13, 14℄ we present the Lagrangian density
of the hadroni matter as a sum of several terms:
L = Lbar + LMF + Lex . (1)
The Lagrangian density of the baryon omponent interating via σ, ω mean elds is as
follows:
Lbar =
∑
b∈{bar}
[
iΨ¯b
(
∂µ + i gωb χω ωµ
)
γµΨb −m∗b Ψ¯bΨb
]
. (2)
The onsidered baryon set is {b} = N(938), ∆(1232), Λ(1116), Σ(1193), Ξ(1318), Σ∗(1385),
Ξ∗(1530), and Ω(1672), inluding antipartiles. The used σ-eld dependent eetive masses
of baryons are [13, 14, 15℄
m∗b/mb = Φb(χσσ) = 1− gσb χσ σ/mb , b ∈ {b} . (3)
In Eqs. (2), (3) gσb and gωb are oupling onstants and χσ(σ), χω(σ) are oupling saling
funtions.
3The σ-, ω-meson mean eld ontribution is given by
LMF = ∂
µσ ∂µσ
2
− m
∗2
σ σ
2
2
− U(χσσ)− ωµν ω
µν
4
+
m∗2ω ωµω
µ
2
, (4)
ωµν = ∂µων − ∂νωµ , U(χσσ) = m4N (
b
3
f 3 +
c
4
f 4), f = gσN χσ σ/mN .
There exist only σ and ω0 mean eld solutions of equations of motion. The mass terms of
the mean elds are
m∗m/mm = |Φm(χσσ)| , {m} = σ, ω . (5)
The dimensionless saling funtions Φb and Φm, as well as the oupling saling funtions
χm, depend on the salar eld in ombination χσ(σ) σ. Following [15℄ we assume approximate
validity of the Brown-Rho saling ansatz in the simplest form
Φ = ΦN = Φσ = Φω = Φρ = 1− f. (6)
The third term in the Lagrangian density (1) inludes meson quasipartile exitations:
π;K, K¯; η(547); σ′, ω′, ρ′;K∗±,0(892), η′(958), φ(1020). The hoie of parameters and other
details of the SHMC model an be found in [13, 14℄.
B. Thermodynamial quantities
Within SHMC model we alulate dierent thermodynamial quantities in thermal
equilibrium hadron matter at xed temperature T and baryon hemial potential µbar. In
Fig. 1 (left panel) we show the square of the sound veloity c2s = dP/dε (P is pressure, ε is
energy density), as funtion of temperature at zero baryon hemial potential, µbar = 0, for
the SHMC model (solid line) and ompare this result with that for the ideal gas (IG) model
with the same hadron set as in the SHMC model (long-dashed line), for the π + ρ mixture
(dash-double dot) and for purely pion system (dash-dotted). As is seen from this gure,
for the purely pion IG the c2s monotonously inreases with inrease of the temperature
approahing the ultrarelativisti limit c2s = 1/3 at high temperatures. For the pion-rho
meson mixture, the c2s exhibits a shallow minimum at T ∼ 170 MeV. The minimum (in
the same temperature region) beomes more pronouned for multi-omponent systems (see
dash urve). At T <∼ 50 MeV the pion ontribution is a dominant one, thereby all urves
4oinide
1
. The urves for the SHMC model and the IG model alulated with the same
hadron set oinide for T <∼ 100 MeV. At T > 50 MeV heavier mesons start to ontribute
that slows down the growth of pressure and then results in signiant derease of c2s, ontrary
to the ase of the one-omponent pion gas. Within the SHMC model c2s gets pronouned
minimum at T ≃ 180 MeV aused by a sharp derease of the in-medium hadron masses at
these temperatures (see the right panel in Fig. 1, where eetive masses of the nuleon, ω, ρ
and σ exitations are presented). The minimum of the sound veloity (at T = Tc ≃ 180 MeV)
an be assoiated with a kind of phase transition, e.g. with the hadron-QGP ross-over, as
it follows from the detailed analysis of the lattie data, see [16℄.
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èñ. 1: Left panel: The sound veloity squared in hadron matter as funtion of the temperature at
zero baryon hemial potential. Solid line  alulation within the SHMC model. Other notations
are given in the legend. Right panel: The temperature dependene of eetive masses of the nuleon,
ω and ρ exitations (solid line) and of the σ-meson exitation (dashed line) alulated within the
SHMC model for two values of the baryon density.
Note that in the Hagedorn-gas model [17℄ (for the Hagedorn mass m → ∞) one gets
c2s → 0 at T = Tc, whereas in the mass-trunated Hagedorn-gas model the behavior very
lose to that we have in ase of the IG model is observed.
1
Note that within the SHMC model pions are treated as an ideal gas of free partiles
5In Fig. 2 we present the lattie data for the redued energy density and the pressure
together with our SHMC model results. Following [14℄ we use suppressed oupling onstants
gσb (exept for nuleons). This guarantees that even above Tc up to the temperature T ∼
220 MeV the EoS omputed in the SHMC model is in agreement with the lattie data for the
100 200 300 400 500 600 700
0
2
4
6
8
10
12
14
16
 
 
/T
4 , 
3P
/T
4
T, MeV
bar
=0 MeV
3P
èñ. 2: The redued triple pressure and the energy density at µbar = 0. Points are QCD lattie
result [16℄. The hadroni SHMC results are plotted by solid and dash lines, respetively.
pressure and energy density. At higher temperatures the SHMC model requires additional
modiations, although in reality the quark-gluon degrees of freedom should be taken into
aount already for T > Tc ∼ 180 MeV.
III. SHEAR AND BULK VISCOSITIES OF THE SHMC MODEL
A. Collisional visosity, derivation of equations
Sasaki and Redlih [12℄ derived expressions for the shear and bulk visosities in the ase
when the quasipartile spetrum is given by E(~p) =
√
~p 2 +m∗ 2(T, µ) .We perform a similar
derivation, but in the presene of mean elds. In the latter ase one should additionally take
into aount that quasipartile distributions depend on the mean elds.
In order to alulate visosity oeients one needs an expression for spatial omponents
of the energy momentum tensor orresponding to the Lagrangian density (1):
T ij = T ijMF +
∑
b∈{bar}
T ijb +
∑
bos∈{ex}
T ijbos, (7)
6where i, j = 1, 2, 3 and the mean-eld ontribution is as follows
T ijMF = ∂
iσ ∂jσ − ∂iω0 ∂jω0
+
(
1
2
[
∂iσ ∂jσ − ∂iω0 ∂jω0 +m∗σ2 σ2 −m∗ω2 ω20
]
+ U(σ)
)
gij (8)
with m∗σ and m
∗
ω given by Eq. (5).
The quasipartile (fermion and boson exitation) ontribution is given by
T ija =
∫
dΓ
piap
j
a
Ea
Fa , a ∈ (bos., bar), Ea =
√
~p 2 +m∗ 2 , Γ = νa
d3pa
(2π)3
, (9)
where νa is the degeneray fator.
The quasipartile distribution funtion Fb for baryon omponents in the presene of mean
elds fullls the Boltzmann kineti equation [18℄,(
pµb ∂µ − gωbpµωµν
∂
∂pνb
+m∗b∂
νm∗b
∂
∂pνb
)
F˜b = StF˜b; (10)
with F˜b(pb, xb) = δ(p
2
b −m∗ 2b )Fb(~pb, xb).
The loal equilibrium boson or baryon distribution is given as follows:
F loc.eq.a (~pa, xa) =
[
e(Ea−~pa~u−µa+t
vec
a
X0
a
)/T ± 1
]−1
, X0a = gωa χω ω0, (11)
where we suppressed ~u 2 terms for |~u| ≪ 1. Here the upper sign (+) is for fermions and (−)
is for bosons, and the vetor partile harge is tveca = ±1 or 0; gωa 6= 0 only for a ∈ bar in our
model. Considering only slightly inhomogeneous solutions and using |~u| ≪ 1 we may drop
the terms ∝ ~u2 and ∝ ~u∇ω0 in the kineti equation (10). Then kineti equations for boson
and baryon omponents aquire ordinary quasipartile form
∂Fa
∂t
+
∂Ea
∂~pa
∂Fa
∂~ra
− ∂Ea
∂~ra
∂Fa
∂~pa
=
pµa
Ea
∂Fa
∂xµa
= StFa, (12)
where pµa = (Ea(~pa, ~ra, σ, ω), ~pa). We used that ∂Ea/∂~pa = ~pa/Ea. Sine alulating
the visosity, we need only terms with veloity gradients, we further put ∂Ea/∂~ra =
(∂Ea/∂µa)~∇aµa + (∂Ea/∂T )~∇aT = 0.
In the relaxation time approximation
StFa = −δFa/τa, δFa = Fa − F loc.eq.a . (13)
Here τa denotes the relaxation time of the given speies. Generally, it depends on the
quasipartile momentum ~pa and the quasipartile energy Ea(~pa).
7The averaged partial relaxation time τ˜a is related to the ross setion as
τ˜−1a (T, µ) =
∑
a′
na′ (T, µ)
〈
vaa′σ
t
aa′
(vaa′ )
〉
, (14)
where na′ is the density of a
′
-speies, σt
aa′
=
∫
d cos θ dσ(aa
′ → aa′)/d cos θ (1− cos θ) is the
transport ross setion, in general, aounting for in-medium eets and vaa′ is the relative
veloity of two olliding partiles a and a
′
in ase of binary ollisions. Angular brakets
denote a quantum mehanial statistial average over an equilibrated system. In reality, the
ross setions entering the ollision integral and the orresponding relaxation time τa in (13)
may essentially depend on the partile momentum. Thus, averaged values τ˜−1a given by Eq.
(14) yield only a rough estimate for the values τ−1a whih we atually need for alulation of
visosity oeients, see below Eqs. (21) and (22).
In the relaxation time approximation from Eqs. (12), (13) we obtain
δFa = − τa
Ea
pµa
∂F loc.eq.a
∂xµa
, (15)
and then the variation of the energy-momentum tensor (7) beomes:
δT ij = −
∑
a
∫
dΓ
{
τa
piap
j
a
E2a
pµa∂µFa
}
loc.eq.
+ δσ
{
∂T ij
∂σ
}
loc.eq.
+ δω0
{
∂T ij
∂ω0
}
loc.eq.
. (16)
Considering small deviations from the loal equilibrium, we may keep in (16) only rst-order
derivative quasipartile terms ∝ ∂i, thus negleting mean-eld ontributions ∝ ∂iσ ∂jσ and
∝ ∂iω0 ∂jω0.
The shear and bulk visosities are as follows expressed through the variation of the
energy-momentum tensor:
δTij = −ζ δij ~∇ · ~u− η Wij, Wkl = ∂kul + ∂luk − 2
3
δkl ∂iu
i . (17)
To nd the shear visosity, we put i 6= j in (17) and use that in this ase the variation
of the seond and third terms in (16) yields zero after integration over angles. To nd the
bulk visosity, we substitute i = j in (17) and use that T iieq = 3Peq. We put ~u = 0 in nal
expressions but retain gradients of the veloity.
Taking derivatives ∂F loc.eq.a /∂x
µ
a in Eq. (15) we nd the variation of the total energy-
momentum tensor as the funtion of derivatives of the veloity
δT ij =
∑
a
∫
dΓ
piap
j
a
TEa
τa F
eq
a (1∓ F eqa ) qa(~p ;T, µbar, µstr) (18)
8with
qa(~p ;T, µbar, µstr) = ∂kul δkl Qa − pkpl
2Ea
Wkl, (19)
Qa = −
{
~p 2
a
3Ea
+
(
∂P
∂nbar
)
ǫ,nstr
[
∂(Ea+X0a)
∂µbar
− tbarb
]
+
(
∂P
∂nstr
)
ǫ,nbar
[
∂(Ea+X0a)
∂µstr
− tstra
]
− (∂P
∂ǫ
)
nbar,nstr
× (20)
×
[
Ea +X
0
a − T ∂(Ea+X
0
a
)
∂T
− µbar ∂(Ea+X0a)∂µbar − µstr
∂(Ea+X0a)
∂µstr
]}
.
Finally, we obtain expressions for the shear visosity
η = 1
15T
∑
a
∫
dΓ τa
~p 4
a
E2
a
[F eqa (1∓ F eqa )] , (21)
and for the bulk visosity
ζ = − 1
3T
∑
a
∫
dΓ τa
~p 2
a
Ea
F eqa (1∓ F eqa )Qa. (22)
At vanishing mean elds our results are redued to those derived in Ref. [12℄.
B. Collisional visosity in baryon-less matter
In the relaxation time approximation both shear and bulk visosities for a omponent "a"
depend on its relaxation (ollisional) time τa whih should be parameterized or alulated
independently. Therefore to diminish this unertainty it is legitimate at rst to nd the
redued kineti oeients (per unit relaxation time, assuming τ = const, i.e. τ = τ˜ ).
In Fig. 3 we demonstrate results of various alulations for the redued shear (left
panel) and bulk (right panel) visosities saled by the 1/T 4 fator at µbar = 0. As we see
from the gure, the redued shear visosity of the massive pion gas (dashed line) beomes
approximately proportional to T 4 for T >∼ 100 MeV. Naturally, this result is lose to that
obtained in the Gavin approximation [19℄ (dashed-double-dotted line in Fig. 3). The T 4
saling is violated for the π− ρ gas in the temperature interval under onsideration beause
the ρ mass is not negligible even at T ∼ 200 MeV. For ζ the approximate 1/T 4 saling
property holds for the massive pion-rho gas at T >∼ 150 MeV. Note that ζ =0 for the gas
of free massless pions sine c2s = 1/3 in this ase. For the massive pion gas ζ/T
4
dereases
already for T > 60 MeV reahing zero at large T similar to the massless gas. The redued
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èñ. 3: The redued (per unit relaxation time) T 4 saled shear (left panel) and bulk (right panel)
visosities as funtion of the temperature alulated within the SHMC model (solid lines) for the
baryon-less matter, µbar =0. Results are ompared with those for the massive pion gas (dashed
lines), pi − ρ mixture (short dashed lines) and with those for the massless pion gas (the Gavin
approximation [19℄, dot-dashed line), as well as for the IG model (open dots) with the same set of
speies as in the SHMC model.
shear and bulk visosities of a multiomponent system alulated in our SHMC model (solid
lines) and in the IG model with the same hadron set (open dots) do not fulll the T 4 saling
law. These models inlude large set of hadrons, due to that with the temperature inrease
the redued shear and bulk visosities beome signiantly higher than those for the pion
gas and the pion-rho gas models. An additional inrease of the redued visosity within
SHMC model originates from signiant mass derease at temperatures near the ritial
temperature. The bulk visosity of a single-omponent pion system drops to zero both at
low and high temperatures and in the whole temperature interval ζ << η, that is frequently
used as an argument for negleting the bulk visosity eets. However, the statement does
not hold anymore for mixture of many speies. For example, at T ∼150 MeV the η/ζ ratio
is only about 3 in ase of the IG and SHMC models. Thus the bulk visosity eets an
play a role in the desription of the hadroni stage at high ollision energies, like at RHIC.
Moreover, the bulk visosity an be responsible for suh important eet as ow anisotropy.
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C. Collisional visosity in baryon enrihed matter
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èñ. 4: The SHMC model preditions of the T 4 saled temperature dependene of the redued
shear (left panel) and bulk (right panel) visosities alulated for hadron mixture at nbar = n0 and
4n0 (solid lines). Calulations performed in the IG based model with the same hadron set as in the
SHMC model are demonstrated by dashed lines.
For the ase of the multi-omponent hadron mixture within IG and SHMC models the
temperature dependene of the redued T 4-saled shear and bulk visosities are shown at
baryon densities nbar = n0 and 4n0 (n0 is the nulear saturation density) in the left and
right panels of Fig. 4, respetively. The redued shear visosity alulated in the SHMC
model (solid lines) is lose to that in the IG model with the same hadron set (dashed
lines). Dierenes in the η/(τT 4) ratio for the IG and SHMC models appear only at high
temperatures T >∼ 150 MeV. At T <∼ 100 MeV the redued T
4
-saled bulk visosity (right
panel) in the IG based model proved to be larger than that in the SHMC model. Contrary,
for larger T the redued bulk visosity in the IG model beomes smaller than that in the
SHMC model. Dierenes ome from the strong dependene of the bulk visosity ζ on the
values of thermodynamial quantities (see Eqs.(20),(22)). Note that at T >∼100 MeV and
nbar >∼ n0 the shear and bulk visosities are getting omparable in magnitude. Growth of
the relative importane of ζ with inrease of temperature seems to be quite natural beause
the bulk visosity takes into aount momentum dissipation due to inelasti hannels whih
number inreases with the temperature inrease.
11
D. Estimation of the relaxation time
The relaxation time is dened by Eq. (14). We implement free ross setions in ase of the
IG based model, similar to proedure performed in Ref. [20℄. In ase of the SHMC model, the
in-medium modiation of ross setions is inorporated by a shift of a pole of the ollision
energy by the mass dierene ma−m∗a aording to presription of Ref. [21℄. Due to a lak of
mirosopi alulations this is the only modiation whih we do here. Important peuliarity
of the nuleon ontribution to the relaxation time at low temperature is assoiated with the
partiular role played by the Pauli bloking. It means that appropriate multi-dimensional
integration should be arried out quite aurately with using quantum statistial distribution
funtions. Calulations using the kineti Uehling-Uhlenbek equations for the purely nuleon
system in the non-relativisti approximation were performed in [3℄. For T <∼ 100 MeV an
extrapolation expression has been obtained:
τ˜NN ≃ 850
T 2
(
nbar
n0
)1/3 [
1 + 0.04T
nbar
n0
]
+
38
T 1/2(1 + 160/T 2)
n0
nbar
. (23)
Thus the relaxation time demonstrates well known behavior T−2, for T → 0.
To simplify alulations we use Eq. (23) for the partial nuleon relaxation time τ˜NN , to be
valid at low temperatures, smoothly mathing it (at T ∼ 100 MeV) with the partial nuleon
ontribution alulated following Eq. (14) for higher temperatures. We take into aount the
whole hadron set involved into the SHMC model. The relaxation time for every omponent
is evaluated aording to Eq. (14).
E. Collisional visosity in heavy ion ollisions
Above we have studied redued visosities of the hadron matter at dierent temperatures
and baryon densities. In reality a hot and dense system being formed in a heavy-ion ollision
then expands towards freeze-out state, at whih the omponents stop to interat with eah
other. Here we use the freeze-out urve Tfr(µ
fr
bar) extrated from analysis of experimental
partile ratios in statistial model for many speies at the given ollision energy s
1/2
NN treating
the freeze-out temperature Tfr and hemial potential µ
fr
bar as free parameters [22, 23℄.
In Fig. 5, visosity oeients per entropy density s are shown versus the freeze-out
temperature for Au + Au ollisions (whih is unambiguously related to the freeze-out
12
hemial potential µfrbar [22℄ needed to alulate thermodynamial quantities at the freeze-
out). Dimensionless ratios of the visosity to the entropy density η/s and ζ/s haraterize
the energy dissipation in the medium. As we see, the η/s ratio dereases monotonously with
inrease of the temperature, being higher than the lower bound 1/4π but tending to it with
further inrease of Tfr. The value ζ/s exhibits a maximum at Tfr ∼ 85MeV and then tends to
zero with subsequent inrease of Tfr. As has been emphasized above, at T >∼100 MeV values
of the shear and bulk visosities beome quite omparable, (η/s)fr ≃ 2(ζ/s)fr.
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èñ. 5: Shear and bulk visosities per entropy density alulated in the SHMC model for entral
Au+Au ollisions along the freeze-out urve (at T = Tfr) [22℄ for the baryon enrihed system. The
dotted line is the lower AdS/CFT bound η/s = 1/4pi [11℄.
In Fig. 6, the η/s ratio alulated in our SHMC model (solid line) is plotted as a funtion
of the ollision energy
√
sNN of two Au+Au nulei. The result for the IG model with the same
hadron set as in SHMC model is plotted by the dash-dotted line. We note that for
√
sNN >∼ 3
the SHMC results prove to be very lose to the IG based model ones (with the same hadron
set as in SHMC model), sine the freeze-out density is rather small and the derease of the
hadron masses ourring in the SHMC model is not important. The results for the hadron
hard ore gas model (the van der Waals exluded volume model) [24℄ at two values of the
partile hard ore radius r are shown by dashed and short-dashed lines. In all ases for
√
sNN >∼ 2 GeV the ratio η/s dereases along the hemial freeze-out line with inreasing the
ollision energy and then attens at
√
sNN >∼10 GeV, sine freeze-out at suh high ollision
energies already ours at almost onstant value of Tfr ≈ 165 MeV. The shear visosity of
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èñ. 6: The ratio of the shear visosity to the entropy density alulated for entral Au+Au ollisions
along the hemial freeze-out urve [22℄ within the SHMC model as a funtion of the ollision energy
s
1/2
NN (solid line). Dashed and short-dashed urves are the results of the exluded volume hadron gas
model [24℄ with hard-ore radii r =0.3 and r =0.5 fm, respetively. The dot-dashed line orresponds
to the IG model with the same set of hadrons as for the SHMC model.
the non-relativisti Boltzmann gas of hard-ore partiles [24℄ is ∝ √mT/r2. Sine Fermi
statistial eets are not inluded within this model, the shear visosity, η, dereases with
derease of T . Nevertheless the η/s ratio inreases and diverges at low energy/temperature,
as the onsequene of a more sharp derease of the entropy density ompared to η, see Fig. 6.
As follows from the gure, the smaller r is, the higher η/s is in the given exluded volume
model. For
√
sNN >∼ 4 and r ≃ 0.7 fm the η/s ratio is expeted to be lose to the values
omputed in the IG and SHMC models.
Reently an interesting attempt has been undertaken in [25℄ to extrat the shear visosity
from the 3-uid hydrodynamial analysis of the ellipti ow in the AGS-SPS energy range.
An overestimation of experimental v2 values in this model was assoiated with dissipative
eets ourring during the expansion and freeze-out stages of partiipant matter evolution.
The resulting values of η/s vary in interval η/s ∼ 1 − 2 in the onsidered domain of
√
sNN ≈ 4 − 17 GeV (orresponding to temperatures T ≈ 100 − 115 MeV) [25℄. Authors
onsider their result as an upper bound on the η/s ratio in the given energy range. Note
that mentioned values are muh higher than those whih follow from our estimations given
above and presented in Figs. 5 and 6.
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Other mirosopi estimate of the share visosity to the entropy density ratio for the
relativisti hadron gas based on the UrQMD ode was performed in Ref. [26℄ where 55
baryon speies and their antipartiles and 32 meson speies were inluded. The full kineti
and hemial equilibrium is ahieved at T =130 and 160 MeV, respetively. The extrated
ratio η/s >∼1 exeeds the SHMC result by a fator of 5. Introduing a non-unit fugaity or
a nite baryon density allows one to derease the ratio twie but nevertheless it is still too
high as ompared to both the SHMC result and the lower bound η/s = 1/4π. Analyzing
their result authors [26℄ onlude that the dynamis of the evolution of a ollision at RHIC
is dominated by the deonned phase (exhibiting very low values of η/s) rather than by the
hadron phase. Note however that in-medium eets in the hadron phase are not inluded
into onsideration in the UrQMD model though, namely, these eets result in the required
derease of the η/s ratio in our SHMC model.
IV. CONCLUSIONS
In this paper, we derived expressions for the shear and bulk visosities in the relaxation-
time approximation for a hadron system desribed by the quasipartile relativisti mean-
eld theory with saling of hadron masses and ouplings (SHMC). The EoS of the SHMC
model fairly well reprodues global properties of hot and dense hadron matter inluding
the temperature region near Tc provided all oupling onstants gσb are strongly suppressed
exept for nuleons. Thus obtained kineti oeients are ompared with those alulated
in other models of the hadron matter.
With inreasing freeze-out temperature Tfr (for entral Au+Au ollisions), the η/s ratio
undergoes a monotonous derease approahing values lose to the AdS/CFT bound at T ∼ Tc
MeV, while the ζ/s ratio exhibits a maximum at Tfr ∼85 MeV. In a broad temperature
interval the η/s and ζ/s ratios are not small and visous eets an be notieable. The
visosity values at the freeze-out an be transformed into dependene on the olliding energy
√
sNN (for entral Au+Au ollisions). When the ollision energy dereases, the η/s goes up.
The high-energy attening of the
√
sNN dependene ours at quite low η/s < 0.2. It implies
that a small value of η/s required for explaining a large ellipti ow observed at RHIC ould
be reahed in the hadroni phase. This might be an important observation whih we have
demonstrated within the SHMC model.
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The v2 analysis indiates to dierent values of η/s for peripheral and entral ollisions.
Therefore, it would be interesting to perform hydrodynami alulations using the T − µbar
dependent transport oeients rather than onstant ones. The need of suh an approah
was reently emphasized in [27℄. Further we will use the SHMC model EoS with the derived
transport oeients for this purpose.
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Àííîòàöèÿ
Âÿçêîñòü àäðîííîé ìàòåðèè â ðåëÿòèâèñòñêîé ìîäåëè
ñðåäíåãî ïîëÿ ñî ñêåéëèíãîì àäðîííûõ ìàññ è
êîíñòàíò ñâÿçè
À.Ñ. Õâîðîñòóõèí, Â.Ä. Òîíååâ è Ä.Í. Âîñêðåñåíñêèé
Ñäâèãîâàÿ (η) è îáúåìíàÿ(ζ) âÿçêîñòè âû÷èñëÿþòñÿ â êâàçè÷àñòè÷íîì ïðè-
áëèæåíèè âðåìåíè ðåëàêñàöèè äëÿ àäðîííîé ìàòåðèè, îïèñûâàåìîé â ðàì-
êàõ ðåëÿòèâèñòñêîé ñðåäíåïîëåâîé ìîäåëè ñî ñêåéëèíãîì àäðîííûõ ìàññ è
êîíñòàíò ñâÿçè. Ïðåäñòàâëåíî ñðàâíåíèå ñ ðåçóëüòàòàìè äðóãèõ ìîäåëåé.
Ïîêàçàíî, ÷òî ìàëîå çíà÷åíèå îòíîøåíèÿ ñäâèãîâîé âÿçêîñòè ê ïëîòíîñòè
ýíòðîïèè, òðåáóåìîå äëÿ îáúÿñíåíèÿ áîëüøîãî ýëëèïòè÷åñêîãî ïîòîêà, íà-
áëþäàåìîãî â ýêñïåðèìåíòàõ íà RHIC, ìîæåò áûòü äîñòèãíóòî â àäðîííîé
àçå. Îòìå÷àþòñÿ ñðàâíèòåëüíî áîëüøèå çíà÷åíèÿ îáúåìíîé âÿçêîñòè â
ñëó÷àå áàðèîíî-îáîãàùåííîé ìàòåðèè.
